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James A Seddon1,2*, Anneke C Hesseling1, Peter Godfrey-Faussett2, Katherine Fielding3 and H Simon Schaaf1,4Abstract
Background: Young children exposed to Mycobacterium tuberculosis have a high risk of disease progression
following infection. This study aimed to determine risk factors for M. tuberculosis infection and disease in children
following exposure to adults with multidrug-resistant (MDR) tuberculosis (TB).
Methods: Cross-sectional study; all children aged < 5 years, routinely referred per local guidelines to the provincial
specialist MDR-TB clinic, Western Cape Province, South Africa, following identification as contacts of adult MDR-TB
source cases, were eligible for enrolment from May 2010 through April 2011. Demographic, clinical and social
characteristics were collected. All children underwent HIV and tuberculin skin testing.
Results: Of 228 children enrolled (median age: 30 months), 102 (44.7%) were classified as infected. Of these, 15
(14.7%) had TB disease at enrolment. Of 217 children tested for HIV, 8 (3.7%) were positive. In adjusted analysis,
child’s age (AOR: 1.43; 95% CI: 1.13-1.91; p = 0.002) and previous TB treatment history (AOR: 2.51; 95% CI: 1.22-5.17;
p = 0.01) were independent risk factors for infection. Increasing age of the MDR-TB source case (AOR: 0.67; 95% CI:
0.45-1.00; p = 0.05) was protective and source case alcohol use (AOR: 2.59; 95% CI: 1.29-5.22; p = 0.007) was
associated with increased odds of infection in adjusted analysis. Decreasing age of the child (p = 0.01) and positive
HIV status (AOR: 25.3; 95% CI: 1.63-393; p = 0.01) were associated with prevalent TB disease.
Conclusion: A high proportion of children exposed to MDR-TB are infected or diseased. Early contact tracing might
provide opportunities to prevent the progression to TB disease in children identified as having been exposed to
MDR-TB.
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The development of tuberculosis (TB) requires exposure
to Mycobacterium tuberculosis, subsequent infection, and
finally, progression to disease [1]. The risk of moving from
one state to the next is determined by multiple micro-
biological, immunological, social and cultural factors [1].
The diagnosis of M. tuberculosis infection and disease
in children is challenging as available tests have limitations.
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reproduction in any medium, provided the orgamma release assays (IGRAs) have limited sensitivity in
detecting M. tuberculosis infection compared to a reference
standard of either an M. tuberculosis exposure gradient or
confirmed disease [2]. Due to the paucibacillary nature of
pediatric TB, together with challenges in obtaining clinical
samples, microbiologically confirmed TB is obtained in less
than 30% of children with radiological/clinical evidence
of intra-thoracic disease, even when sputum induction
and a referral laboratory are available [3]. The diagnosis
of TB relies on a constellation of history, examination,
immunology, radiology and bacteriology, all with limited
sensitivity and specificity [4]. In the absence of accurate
tests of infection and disease, it is important to understand
the epidemiology of each of the exposure, infection and
disease stages, and risk factors determining progressionl Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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ventions can be targeted to those at the highest risk of
progression to the next stage. As childhood TB results
from recent infection and subsequent disease develop-
ment, children serve as a sentinel marker of ongoing M.
tuberculosis transmission and failing TB control within a
community [5]. Identifying risk factors for infection and
disease in children is therefore important in understanding
the broader epidemic.
For children exposed to drug-susceptible TB, the risk
of becoming infected depends on the infectiousness of
the source case, the intensity and duration of interaction
between the source case and child contact, and the host
immune response [1,6]. The influence of mycobacterial
strain on risk of infection is unclear [7]. Source cases
with extensive lung involvement are more infectious than
those with fewer affected zones on chest radiography
[8-10]. Children in contact with sputum smear-positive
source cases are more likely to become infected than those
in contact with sputum smear-negative disease [10,11],
with greater bacillary loads increasing infectivity [10,12].
Although HIV-positive adults with TB are more likely to
be sputum smear-negative than HIV-negative individuals
[13], it does not appear that they are less infectious
[14,15], possibly indicating HIV-related epidemiological
factors unique to HIV-affected households. Source cases
who live in close physical proximity to child contacts are
more likely to infect children, and the greater the daily
interaction and the longer the duration of interaction, the
greater the risk of infection [16,17]. The duration of cough
in the source case also affects transmission risk [18]. Close
relatives are more likely to infect child contacts than more
distant relatives, and sleeping in the same room increases
infection risk [8-10,16,19-21]. The presence of smokers in
the house has been shown to increase M. tuberculosis
transmission [11,16,22,23], as does crowding [16] and poor
household ventilation [24].
The risk of progression to TB disease in a child
infected with M. tuberculosis is determined by the viru-
lence of the mycobacteria [25], the mycobacterial load
[26], age [27] and host immune response [28]. From
studies prior to the chemotherapy era, it is has been
determined that infected infants (i.e. <12 months) have a
50% life-time risk of progression to disease following
infection, with the risk decreasing with increasing age
[6,27]. Young children also have an increased risk of
severe forms of disease such as miliary TB and TB
meningitis [27]. HIV-positive adults with M. tuberculosis
infection have a 7-10% risk of developing TB each year
in the absence of preventive therapy [29,30]. HIV-positive
infants are more than twenty times as likely to develop TB
as those who are HIV-negative [31] and malnourished
children are more likely to progress to TB than those
better nourished [11].Although surveillance data are limited, the World Health
Organization (WHO) estimated that there were 650,000
prevalent cases of multidrug-resistant (MDR)-TB world-
wide in 2010 [32]. MDR-TB is defined as M. tuberculosis
resistant to rifampin and isoniazid [33]. A previous MDR-
TB contact study has demonstrated nearly two child
contacts less than five years of age for each MDR-TB
source case in South Africa, a high TB-burden setting
[34], suggesting that large numbers of children are
exposed to MDR-TB in such contexts. Determining
which children are at the highest risk of becoming
infected and of developing disease would allow informed
health planning and targeted use of available healthcare
resources. A cohort study design, where children are
followed from the time of exposure, allows for the
monitoring of transition from exposure to infection,
and from infection to disease, over time. However,
cross-sectional study designs, whereby children are
identified who have exposure but no infection, exposure
and infection and those who present with TB disease, also
allow for an assessment of risk factors for each state.
We aimed to determine risk factors for the transition
from exposure to infection, and from infection to disease
in child MDR-contacts, using a cross-sectional study
design.
Methods
Setting and patient population
The overall TB disease notification rate in the Western
Cape province of South Africa was 976/100,000 in 2009
[35]; with an incidence among children less than 13 years
found to be over 400/100,000 in 2003–2004 [36]. The
annual rate of TB infection among school children in
Cape Town is about 4%, suggesting very high rates of
transmission [37,38]. 8.9% of children with culture-
confirmed TB at one of two regional referral hospitals,
Tygerberg Children’s Hospital (TCH), had MDR-TB
during 2007–2009 [39]. Cape Town is comprised of Black
(mainly of the Xhosa ethnic group), White (mainly of
European ancestry), Indian and Colored (a heterogeneous
ethnic group of mixed ancestry) populations. All children
evaluated at TCH or community outreach specialist
pediatric TB clinics during May 2010 through April
2011, were eligible if they were less than five years old,
had been in significant contact with an infectious (sputum
smear or culture positive) pulmonary MDR-TB source
case within the preceding six months and had an available
TST result. Significant exposure was defined as living with
or having regular daily interaction with the MDR-TB
source case. Children were recruited following written,
informed consent from the parent/caregiver. The study
was approved by the Stellenbosch University and London
School of Hygiene and Tropical Medicine Ethical Com-
mittees, as well as the local health authorities.
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Following the diagnosis of MDR-TB in an adult, contact
tracing was carried out by the local clinic team to iden-
tify vulnerable children. Children exposed to infectious
MDR-TB cases and those with suspected MDR-TB
disease were referred to a specialist pediatric MDR-TB
clinic at TCH or community outreach clinics attended by
the same specialists. HIV testing is routinely performed
following informed consent from the parent or legal
guardian using ELISA in children older than 18 months
or DNA PCR if younger or breast-fed. Combination
antiretroviral therapy (cART) is routinely initiated in all
HIV-positive children following appropriate evaluation.
TST was routinely undertaken by local clinic staff, carried
out by injecting two tuberculin units intradermally
(purified protein derivative RT23, Statens Serum Institute)
with results read at 48–72 hours. All children were
assessed using TB symptom screening, clinical evaluation
and chest radiograph (both antero-posterior and lateral).
Children suspected of having TB disease (clinical or
radiological evidence) underwent microbiological inves-
tigation. Sputum samples, gastric aspirates or biopsies
from extra-pulmonary sites were sent for liquid-based
culture (MGIT 960 system; Becton Dickinson, Sparks,
MD, USA) and drug susceptibility testing (DST) using a
commercial Line Probe Assay (GenoType® MTBDRplus;
Hain Lifescience, Nehren, Germany). They were then
started on a treatment regimen tailored to the DST of
the source case, or, if disease was bacteriologically con-
firmed, that of the child. As per local program guidelines,
children found to have no symptoms, signs or radiology
suggestive of TB disease, were treated with a three-drug
preventive therapy regimen of ofloxacin (15-20 mg/kg),
ethambutol (20-25 mg/kg daily) and high-dose isoniazid
(15-20 mg/kg daily) for six months with regular follow
up for one year to monitor for incident disease [40].
Data collection and classification
This study employed a cross-sectional design. Following
informed consent, families were interviewed by the study
team and data collected regarding the demographic profile
and clinical condition of the child. Information on the
source case was collected both from the attending families
and subsequently from the provincial TB register. The
nature and intensity of the interaction between the
source case and child, as reported by the parent/caregiver,
was documented as well as the duration of exposure.
Children were classified as uninfected or infected, and
if infected, as having TB disease or not. While we
aimed to assess risk factors for prevalent TB disease,
confirmation of diagnosis depended on radiological and
bacteriological investigations, in some instances requiring
a number of weeks for liquid culture results. Standard
research definitions were applied to classify TB disease[41]; children with either confirmed and probable disease
were included. Infection was classified as having a positive
TST; infection was also assumed in the presence of TB
disease. A transverse TST diameter of ≥10 mm was
considered positive in HIV-negative and ≥5 mm in
HIV-positive children.Statistical analysis
Data were double-entered into a database and checked
for entry errors. Logistic regression was used to assess
risk factors for (i) M. tuberculosis infection and (ii) TB
disease (among those with infection). Results are
reported as unadjusted and adjusted odds ratios (OR),
95% confidence intervals (CIs) and p-values, calculated
using the likelihood ratio test (LRT). For ordinal variables
a test for trend and departures from linearity using the
LRT was conducted. For models assessing risk factors for
infection, exposures were included if they demonstrated a
relationship with infection in univariable analysis based on
p < 0.05. If two exposures were thought to be co-linear
they were not included together in the same model. For
models assessing risk factors for disease, variables were
only adjusted for the age of the child, given the small
number of children with disease. Ages for the child
and source case were recorded as ordinal variables, using
age bands. Relationships between exposures were assessed
using the χ2 test. All statistical analyses were conducted
using Stata software (version 11; Stata Corp, College Sta-
tion, TX).Results
Description of cohort
Over the twelve-month study period 377 children were
referred to the specialist clinic services as child contacts
of MDR-TB source cases. A number of children did not
meet the eligibility criteria for the study: the source case
did not have MDR-TB (n = 27), the child was older than
five years (n = 56), the intensity of contact was not
judged to be significant by the clinical team (n = 11) or a
TST result was not available in the presence of an
asymptomatic child (n = 2). Of 281 children eligible for
the study, 228 (81%) were recruited. The remaining 53
children were not brought to the clinic by a parent
or legal guardian who could provide informed consent
(n = 31), the parents did not consent to the study (n = 3)
or the families left the clinic before the research team
could speak to them (n = 19). These children all received
routine standard of care. The median age of children
recruited was 30 months (inter-quartile range [IQR]:
13–43 months); of 217 children tested for HIV, 8 (3.7%)
were positive. Of the 228 children, 102 (44.7%) were
classified as M. tuberculosis-infected. Of the 102 infected,
15 (14.7%) also had TB disease.
Seddon et al. BMC Infectious Diseases 2013, 13:392 Page 4 of 10
http://www.biomedcentral.com/1471-2334/13/392Risk factors for infection
In adjusted analysis, increasing age of the child was asso-
ciated with increasing odds of infection (adjusted odds
ratio (AOR) for one year increase in age: 1.43; 95% CI:
1.13-1.91; p = 0.002); children of Colored ethnicity (com-
pared to children of Xhosa ethnicity) were also more
likely to be infected (AOR: 2.51; 95% CI: 1.22-5.17; p =
0.01). Children with a previous treatment history were
more likely to be infected in univariable analysis, withTable 1 Risk factors for infection in child contacts of multidru
characteristics (n = 228)
Variable Total
(n = 22
Age of child (n = 224) <1 year 53
1–2 years 36
2–3 years 51
3–4 years 48
4–5 years 36
Gender (n = 227) Female 109
Male 118
Ethnicity Xhosa 101
Colored 125
Previous TB treatment No 207
Yes 21
HIV status (n = 217) Negative 209
Positive 8
Weight-for-age z-score (n = 218) More than −1 138
−1 to −2 47
Less than −2 33
BCG scar visible (n = 222) No 40
Yes 182
Type of residence (n = 217) Tin shack 33
Brick House 168
Wendy House 16
Number of rooms in house 1–2 61
3–4 102
>4 65
Number of people living in house ≤5 people 109
>5 people 119
Density of people living in house ≤2 people per room 153
>2 people per room 75
Water source (n = 225) Piped water in residence 176
Piped water from public source 49
Toilet Flush toilet in house 163
Other 65
1Adjusted for ethnicity, age of child, previous TB in the child, age of source case, al
AOR adjusted odds ratio, CI confidence interval.the effect reduced after adjustment. See Table 1. Increas-
ing age of the source case was associated with a reduced
odds of infection (AOR: 0.67 for an approximate 10 year
increase in age; 95% CI: 0.45-1.00; p = 0.05) and reported
alcohol use by source case was associated with increased
odds of infection (AOR: 2.59; 95% CI: 1.29-5.22; p =
0.007). Before adjustment there was a strong relation-
ship between HIV status in the source case and M.
tuberculosis infection in the child, with HIV positivityg-resistant tuberculosis: child and household
Infected Unadjusted OR p-value AOR p-value1
8) (row %) (95% CI) (95% CI)1
(n = 102)
15 (28.3) 1 0.05 1.43 (1.13–1.91) 0.0022
15 (41.7) 1.81 (0.74–4.42)
25 (49.0) 2.44 (1.08–5.48) 0.0072
27 (56.3) 3.26 (1.43–7.44)
18 (50.0) 2.53 (1.05–6.14)
46 (42.2) 1 0.43
56 (47.5) 1.24 (0.73–2.09)
30 (29.7) 1 <0.001 1 0.01
70 (56.0) 3.01 (1.69–5.36) 2.51 (1.22–5.17)
86 (41.5) 1 0.002 1 0.08
16 (76.2) 4.50 (1.59–12.8) 2.76 (0.84–9.12)
96 (45.9) 1.0 0.64
3 (37.5) 0.71 (0.16–3.03)
60 (43.5) 1 0.14
26 (55.3) 1.61 (0.83–3.13)
11 (33.3) 0.65 (0.29–1.44)
14 (35.0) 1 0.14
87 (47.8) 1.70 (0.83–3.47)
8 (24.2) 1 0.007
79 (47.0) 2.77 (1.18–6.50)
11 (68.8) 6.87 (1.83–25.8)
28 (45.9) 1 0.58
42 (41.2) 0.83 (0.44–1.56)
32 (49.2) 1.14 (0.57–2.30)
47 (43.1) 1 0.64
55 (46.2) 1.13 (0.67–1.91)
72 (47.1) 1 0.31
30 (40.0) 0.75 (0.43–1.31)
84 (47.7) 1 0.06
16 (32.7) 0.53 (0.27–1.03)
79 (48.5) 1 0.07
23 (35.4) 0.58 (0.32–1.05)
cohol use in source case and HIV status of source case, 2Test for trend,
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In multivariable analysis this association was reduced
(AOR 0.48, 95% CI 0.22-1.04; p = 0.06). See Table 2.
Risk factors for prevalent TB disease
Younger age of the child was associated with increased
odds of disease (p-value for test of trend; p = 0.01) as
was HIV-positive status in the child (AOR: 25.3; 95% CI:
1.63-393; p = 0.01), HIV positivity of the source case
(AOR: 4.07; 95% CI: 1.19-13.8; p = 0.03), increasing num-
ber of rooms in the house (AOR: 1.39; 1.02-1.91; p = 0.04)
and alcohol use by the source case (AOR 2.90; 95% CI
0.90-9.31; p = 0.07). Male gender (AOR: 0.29; 95% CI:
0.08-1.00; p = 0.04) was associated with reduced odds of
disease. See Tables 3 and 4.
Relationships between exposures
HIV positivity in the source case was associated with
HIV-positive status in the child (p = 0.019), but also with
ethnicity (p < 0.001), and with the age of the source case
(p-value for test of trend = 0.003). Ethnicity of the child
was associated with type of residence (p < 0.001), type of
water source (p < 0.001) and type of toileting (p < 0.001).
The age of the source case was associated with sputum
smear status (p = 0.001), with older source cases less
likely to have sputum smear-positive TB.
Discussion
This is the first study, to our knowledge, to assess risk
factors for M. tuberculosis infection and disease in chil-
dren exposed to an adult with MDR-TB. Consistent with
data from the natural history of drug-susceptible TB in
children, we demonstrate that as children become older,
they are more likely to be infected but once infected,
that younger children are more likely to develop disease.
We also show that HIV-positive children, while having
no additional risk of M. tuberculosis infection, have a
substantially increased risk for disease following infec-
tion. The proportion of children who were HIV-positive
in our study was relatively low consistent with ongoing
household studies of drug-susceptible disease in the same
communities (personal communication: Anneke Hesseling)
and published household contact investigations undertaken
previously in this setting [7]. This likely reflects effective
prevention of mother-to-child HIV transmission programs
in the Western Cape. Alcohol use in the source case
appears to be a risk factor for infection in the child and
possibly for disease. The relationship between ethnicity,
HIV positivity, age and sputum-smear status of the source
case is complex. In our study, older source cases were
more likely to be HIV-positive and ethnicity was strongly
associated with HIV positivity. Other studies have demon-
strated that HIV-positive adults with pulmonary TB are
less frequently smear-positive than HIV-negative adults[42]. The increased risk of TB disease in child contacts
of HIV-positive source cases may be due to biological
(e.g. increased risk of HIV positivity) and epidemiological
factors in HIV-affected households.
Previous studies have demonstrated that as children
get older they are more likely to become infected, likely
due to increasing duration of exposure to more potential
source cases and more interaction with the community
in addition to household exposure [9]. The relationship
between alcohol use in the source case and both infection
and disease in the child requires further study. It may
be that alcohol is a surrogate for other socioeconomic
factors but alcohol was not associated with ethnicity or
any of the other socioeconomic exposures recorded in
our study. It may be that source cases that drink are in
some way more infectious than those who do not drink
or that their behavior is more likely to lead to infection
(e.g. prolonged exposure due to diagnostic and treatment
delay) in the child [43]. Adherence to treatment may be
affected as might health-seeking behavior. Alcohol is a
demonstrated risk factor for TB disease in adults with
drug-susceptible [44] and MDR-TB [45]. That HIV posi-
tivity [31] and younger age [27] of the child is associated
with increased risk of progression to disease, following
infection, is well described in the drug-susceptible TB
literature, and we have demonstrated that it also appears
to be true for children exposed to MDR-TB. The propor-
tion of children with disease is consistent with other
household contact studies from this setting [7]. The asso-
ciation between gender of the child and disease also
requires further examination. It is possible that girls are
more likely to progress to disease or this association
may reflect some sociological or cultural attitude to
child-rearing or health-seeking behavior. Houses with
more rooms may be a surrogate for socioeconomic sta-
tus, TB transmission, lifestyle, behavior or nutrition. It
may be that multiple families live in houses with more
rooms, whereas buildings with fewer rooms only house
one family.
A limitation of our study is the relatively small number
of children included, and the small number of children
with disease. This may have concealed associations that
may have been evident if larger numbers had been
included. In previous drug-susceptible childhood contact
studies, measures of intensity (e.g. proximity of sleeping)
and duration of exposure demonstrated a graded relation-
ship with risk of infection in the child, as did the infec-
tiousness of the source case [9,46]. We were unable to
show such relationships. We also did not compare
children exposed to MDR-TB with children exposed to
drug-susceptible TB to determine if systematic differences
between the two populations exist (e.g. in child and source
case demographics or risk factors for infection and
disease). It is possible that MDR-TB in the source case,
Table 2 Risk factors for infection in child contacts of multidrug-resistant tuberculosis: source case and exposure
characteristics (n = 228)
Variable Total Infected OR p-value AOR p-value1
(n = 228) (row %) (95% CI) (95% CI)1
(n = 102)
Age of source case (n = 219) 16–25 55 31 (56.4) 1 0.06 0.67 (0.45–1.00) 0.052
26–35 86 40 (46.5) 0.67 (0.34–1.33) 0.022
>35 78 28 (35.9) 0.43 (0.21–0.88)
Gender of source case (n = 226) Female 138 62 (44.9) 1 0.93
Male 88 39 (43.3) 0.98 (0.57–1.67)
Smoking status of source case (n = 225) Non-smoker 130 52 (40.0) 1 0.09
Smoker 95 49 (51.6) 1.60 (0.94–2.73)
Alcohol use by source case (n = 225)3 Never drinks 166 65 (39.2) 1 0.004 1 0.007
Drinks alcohol 59 36 (61.0) 2.43 (1.32–4.47) 2.59 (1.29–5.22)
Smear result of source case (n = 224) Negative 28 9 (32.1) 1 0.17
Positive 196 90 (45.9) 1.79 (0.77–4.16)
Smear grade of source case (n = 217) Negative 28 9 (32.1) 1 0.13
Scanty 18 8 (44.4) 1.69 (0.50–5.73)
1+ 28 15 (53.6) 2.44 (0.82–7.22)
2+ 107 44 (41.1) 1.47 (0.61–3.56)
3+ 36 22 (61.1) 3.31 (1.17–9.37)
HIV status of source case (n = 224) Negative 150 79 (52.7) 1 <0.001 1 0.06
Positive 74 20 (27.0) 0.33 (0.18–0.61) 0.48 (0.22–1.04)
CD4 count of source case if HIV-positive
(n = 71)
<200 33 7 (21.2) 1 0.46
>200 38 11 (28.9) 1.51 (0.50–4.56)
Relationship of source case to child Parents 100 38 (38.0) 1 0.34
Grandparent 31 15 (48.4) 1.53 (0.68–3.45)
Uncle or aunt 66 33 (50.0) 1.63 (0.87–3.06)
Other 31 16 (51.6) 1.74 (0.77–3.92)
Duration of exposure between source case
and child
Less than a month 30 13 (43.3) 1 0.62
One month to six
months
92 38 (41.3) 0.92 (0.40–2.11)
More than six
months
106 51 (48.1) 1.21 (0.54–2.74)
Primary caregiver to child Index case 55 21 (38.2) 1 0.26
Not index case 173 81 (46.8) 1.43 (0.77–2.65)
Frequency of contact between source case
and child
Daily 213 93 (43.7) 1 0.23
Less frequently 15 9 (60.0) 1.94 (0.67–5.63)
Intensity of contact between child and
source case
Sleeps in the same
bed
57 25 (43.9) 1 0.67
Sleeps in the same
room
34 13 (38.2) 0.79 (0.33–1.89)
Sleeps in the same
house
101 45 (44.6) 1.03 (0.53–1.98)
Sleeps in a different
house
36 19 (52.8) 1.43 (0.62–3.31)
1Adjusted for ethnicity, age of child, previous TB in the child, age of source case, alcohol use in source case and HIV status of source case, 2Test of trend, 3Regular
alcohol use in source case as reported by the parent or legal guardian of the child, AOR adjusted odds ratio, CI confidence interval.
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Table 3 Risk factors for disease in child contacts of multidrug-resistant tuberculosis: child and household
characteristics (n = 102)
Variable Total Disease OR p-value Age-adjusted OR p-value
(n = 102) (row %) (95% CI) (95% CI)
(n = 15)
Age (n = 100) <1 year 15 4 (26.7) 1 0.28 n/a n/a
1–2 years 15 3 (20.0) 0.69 (0.12–3.79)
2–3 years 25 6 (24.0) 0.87 (0.20–3.77)
3–4 years 27 2 (7.4) 0.22 (0.03–1.38) 0.011
4–5 years 18 0 (0) -
Gender Female 46 11 (23.9) 1 0.02 1 0.04
Male 56 4 (7.1) 0.24 (0.72–0.83) 0.29 (0.08–1.00)
Ethnicity Xhosa 30 7 (23.3) 1 0.13
Colored 70 8 (11.4) 0.42 (0.14–1.33)
Previous TB treatment No 86 14 (16.3) 1 0.32
Yes 16 1 (6.3) 0.34 (0.04–2.81)
HIV status (n = 99) Negative 96 13 (13.5) 1 0.04 1 0.01
Positive 3 2 (66.7) 12.8 (1.07–151.1) 25.3 (1.63–393)
Weight-for-age z-score (n = 97) More than −1 60 10 (16.7) 1 0.19
−1 to −2 26 1 (3.8) 0.20 (0.02–1.65)
Less than −2 11 1 (9.1) 0.50 (0.06–4.45)
BCG scar visible (n = 101) No 14 2 (14.3) 1 0.95
Yes 87 13 (14.9) 1.05 (0.21–5.27)
Type of residence (n = 98) Tin shack 8 1 (12.5) 1 0.84
Brick house 79 12 (15.2) 1.25 (0.14–11.1)
Wendy house 11 1 (9.1) 0.70 (0.04–13.2)
Number of rooms in house 1-2 28 2 (7.1) 0.04 1.39 (1.02–1.91) 0.041
3-4 42 4 (9.5) 1.37 (0.23–8.03)
>4 32 9 (28.1) 5.09 (1.00–26.0) 0.021
Number of people living in house ≤5 people 47 5 (10.6) 1 0.29
>5 people 55 10 (18.2) 1.87 (0.59–5.91)
Density of people living in house ≤2 people per room 72 12 (16.7) 1 0.39
>2 people per room 30 3 (10) 0.56 (0.14–2.16)
Water source (n = 100) House tap 84 12 (14.3) 1 0.65
No house tap 16 3 (18.8) 1.38 (0.34–5.60)
Toilet Flush toilet in house 79 12 (15.2) 1 0.80
Other 23 3 (13.0) 0.84 (0.21–3.26)
1Test of trend, OR odds ratio, CI confidence interval.
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previous failed first-line treatments, may potentially ob-
scure the relationship between risk factors and infection.
It would also have been useful to compare MDR-TB-ex-
posed children with community controls without a known
source case to document the background (i.e. community,
presumably drug-susceptible) infection rate. A further
limitation is the study design; although risk factors for thedifferent states (exposure, infection and disease) were eval-
uated, it was not possible to determine whether the child
or the identified source case acquired the infection/disease
first. Finally, the definition of infection in our study was
one TST measurement undertaken at the initial evalu-
ation. Not only is TST an imperfect measure of infection,
but we also did not complete TST retesting at follow-up
visits in this cross-sectional study.
Table 4 Risk factors for disease in child contacts of multidrug-resistant tuberculosis: source case and exposure
characteristics (n = 102)
Variable Total Disease OR p-value Age-adjusted OR p-value
(n = 102) (row %) (95% CI) (95%CI)
(n = 15)
Age of source case (n = 99) 16–25 31 4 (12.9) 1 0.81
26–35 40 5 (12.5) 0.96 (0.24–3.94)
>35 28 5 (17.9) 1.47 (0.35–6.12)
Gender of source case (n = 101) Female 62 11 (17.7) 1 0.31
Male 39 4 (10.3) 0.53 (0.16–1.80)
Smoking status of source case (n = 101) Non-smoker 52 8 (15.4) 1 0.88
Smoker 49 7 (14.3) 0.92 (0.31–2.75)
Alcohol use by source case (n = 101)1 Never drinks 65 6 (9.2) 1 0.04 1 0.07
Drinks alcohol 36 9 (25.0) 3.28 (1.06–10.1) 2.90 (0.90–9.31)
Smear result of source case (n = 99) Negative 9 0 (0) - 0.35
Positive 90 15 (16.7) -
Smear grade of source case (n = 98) Negative 9 0 (0) - 0.05
Scanty 8 0 (0) -
1+ 15 5 (33.3) -
2+ 44 9 (20.5) -
3+ 22 1 (4.5) -
HIV status of source case (n = 99) Negative 79 8 (10.1) 1 0.009 1 0.03
Positive 20 7 (35.0) 4.78 (1.45–15.5) 4.07 (1.19–13.8)
CD4 count of source case if HIV-positive
(n = 18)
<200 7 3 (42.9) 1 0.78
>200 11 4 (36.4) 0.76 (0.11–5.28)
Relationship of source case to child Parents 38 5 (13.2) 1 0.62
Grandparent 15 4 (26.7) 2.4 (0.55–10.6)
Uncle or aunt 33 4 (12.1) 0.91 (0.22–3.71)
Other 16 2 (12.5) 0.94 (0.16–5.45)
Duration of exposure between source
case and child
Less than a month 13 3 (23.1) 1 0.35
One month to six
months
38 7 (18.4) 0.75 (0.16–3.47)
More than six
months
51 5 (9.8) 0.36 (0.07–1.77)
Primary caregiver to child Index case 21 2 (9.5) 1 0.46
Not index case 81 13 (16.0) 1.82 (0.38–8.76)
Frequency of contact between source
case and child
Daily 93 12 (12.9) 1 0.12
Less frequently 9 3 (33.3) 3.38 (0.74–15.3)
Intensity of contact between child and
source case
Sleeps in the same
bed
25 3 (12.0) 1 0.47
Sleeps in the same
room
13 1 (7.7) 0.61 (0.06–6.54)
Sleeps in the same
house
45 6 (13.3) 1.13 (0.26–4.96)
Sleeps in a different
house
19 5 (26.3) 2.62 (0.54–12.7)
1Regular alcohol use in source case as reported by the parent or legal guardian of the child, OR odds ratio, CI confidence interval.
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Our study has several implications. Ongoing vigilance
should be used in the clinical evaluation of child house-
hold contacts, particularly very young (less than three
years) or HIV-positive children, following exposure to an
MDR-TB source case, based on the high risk of disease
progression. In the light of the high demonstrated risk
of M. tuberculosis infection and of disease progression,
the need for contact investigations following an MDR-
TB diagnosis in the source case is emphasized, as is the
need to carry out these investigations rapidly so that
children are identified before they have progressed to
disease. Alcohol dependency programs must be integrated
into MDR-TB programs given the close relationship
between the two epidemics. Finally, the implications of
ethnicity and socioeconomic factors on the risk of infec-
tion and disease in children require further evaluation.
Abbreviations
AOR: Adjusted odds ratio; cART: Combination antiretroviral therapy;
CI: Confidence Interval; DST: Drug susceptibility test; HIV: Human
immunodeficiency virus; IGRA: Interferon-gamma release assay; IQR:
Inter-quartile range; LRT: Likelihood ratio test; MDR: Multidrug-resistant;
OR: Odds ratio; TB: Tuberculosis; TCH: Tygerberg children’s hospital;
TST: Tuberculin skin test; WHO: World health organization.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
JAS designed the study, collected and analyzed the data, drafted the initial
manuscript and then approved the final version. ACH helped to design the
study, revised the manuscript and approved the final version. PGF helped to
design the study, revised the manuscript and approved the final version. KF
assisted in the data analysis, revised the manuscript and approved the final
version. HSS helped to design the study, helped to collect the data, revised
the manuscript and approved the final version. All authors read and
approved the final manuscript.
Acknowledgements
The authors would like to thank Klassina Zimri and Zingiwe Mramba for their
assistance. They would also like to thank Professor Donald Enarson for his
epidemiological advice and insight. This work was supported by a United
States Agency for International Development (USAID) Cooperative
Agreement (TREAT TB – Agreement No. GHN A 00 08 00004 00) (JAS and
HSS), the Sir Halley Steward Trust (JAS), the South African Medical Research
Council (HSS) and the National Research Foundation of South Africa (HSS)
The contents are the responsibility of the author(s) and do not necessarily
reflect the views of the funders.
Author details
1Desmond Tutu TB Centre, Department of Paediatrics and Child Health,
Faculty of Medicine and Health Sciences, Stellenbosch University, Clinical
Building, Room 0085, P. O. Box 19063, Tygerberg, South Africa. 2Department
of Clinical Research, Faculty of Infectious and Tropical Diseases, London
School of Hygiene and Tropical Medicine, London, UK. 3Department of
Infectious Diseases Epidemiology, Faculty of Epidemiology and Population
Health, London School of Hygiene and Tropical Medicine, London, UK.
4Tygerberg Children’s Hospital, Tygerberg, South Africa.
Received: 3 April 2013 Accepted: 20 August 2013
Published: 26 August 2013
References
1. Rieder HL: Epidemiologic Basis of Tuberculosis Control. International Union
Against Tuberculosis and Lung Disease: First Edition; 1999.2. Mandalakas AM, Detjen AK, Hesseling AC, Benedetti A, Menzies D:
Interferon-gamma release assays and childhood tuberculosis: systematic
review and meta-analysis. Int J Tuberc Lung Dis 2011, 15(8):1018–1032.
3. Zar HJ, Hanslo D, Apolles P, Swingler G, Hussey G: Induced sputum versus
gastric lavage for microbiological confirmation of pulmonary
tuberculosis in infants and young children: a prospective study.
Lancet 2005, 365(9454):130–134.
4. Marais BJ, Gie RP, Schaaf HS, Beyers N, Donald PR, Starke JR: Childhood
pulmonary tuberculosis: old wisdom and new challenges. Am J Respir Crit
Care Med 2006, 173(10):1078–1090.
5. Middelkoop K, Bekker LG, Morrow C, Zwane E, Wood R: Childhood
tuberculosis infection and disease: a spatial and temporal transmission
analysis in a South African township. S Afr Med J 2009, 99(10):738–743.
6. Marais BJ, Gie RP, Schaaf HS, Hesseling AC, Obihara CC, Nelson LJ, Enarson
DA, Donald PR, Beyers N: The clinical epidemiology of childhood
pulmonary tuberculosis: a critical review of literature from the
pre-chemotherapy era. Int J Tuberc Lung Dis 2004, 8(3):278–285.
7. Marais BJ, Hesseling AC, Schaaf HS, Gie RP, Van Helden PD, Warren RM:
Mycobacterium tuberculosis transmission is not related to household
genotype in a setting of high endemicity. J Clin Microbiol 2009,
47(5):1338–1343.
8. Lienhardt C, Fielding K, Sillah J, Tunkara A, Donkor S, Manneh K, Warndorff
D, McAdam KP, Bennett S: Risk factors for tuberculosis infection in sub-
Saharan Africa: a contact study in The Gambia. Am J Respir Crit Care Med
2003, 168(4):448–455.
9. Lienhardt C, Sillah J, Fielding K, Donkor S, Manneh K, Warndorff D, Bennett
S, McAdam K: Risk factors for tuberculosis infection in children in contact
with infectious tuberculosis cases in the Gambia, West Africa. Pediatrics
2003, 111(5 Pt 1):e608–e614.
10. Gessner BD, Weiss NS, Nolan CM: Risk factors for pediatric tuberculosis
infection and disease after household exposure to adult index cases in
Alaska. J Pediatr 1998, 132(3):509–513.
11. Singh M, Mynak ML, Kumar L, Mathew JL, Jindal SK: Prevalence and risk factors
for transmission of infection among children in household contact with
adults having pulmonary tuberculosis. Arch Dis Child 2005, 90(6):624–628.
12. Shaw JB, Wynn-Williams N: Infectivity of pulmonary tuberculosis in
relation to sputum status. Am Rev Tuberc 1954, 69(5):724–732.
13. Siddiqi K, Lambert ML, Walley J: Clinical diagnosis of smear-negative
pulmonary tuberculosis in low-income countries: the current evidence.
Lancet Infect Dis 2003, 3(5):288–296.
14. Cruciani M, Malena M, Bosco O, Gatti G, Serpelloni G: The impact of human
immunodeficiency virus type 1 on infectiousness of tuberculosis: A
meta-analysis. Clin Infect Dis 2001, 33(11):1922–1930.
15. Escombe AR, Moore DA, Gilman RH, Pan W, Navincopa M, Ticona E,
Martinez C, Caviedes L, Sheen P, Gonzalez A, et al: The infectiousness of
tuberculosis patients coinfected with HIV. PLoS Med 2008, 5(9):e188.
16. Tipayamongkholgul M, Podhipak A, Chearskul S, Sunakorn P: Factors
associated with the development of tuberculosis in BCG immunized
children. Southeast Asian J Trop Med Public Health 2005, 36(1):145–150.
17. Lienhardt C: From exposure to disease: the role of environmental factors
in susceptibility to and development of tuberculosis. Epidemiol Rev 2001,
23(2):288–301.
18. Loudon RG, Spohn SK: Cough frequency and infectivity in patients with
pulmonary tuberculosis. Am Rev Respir Dis 1969, 99(1):109–111.
19. Rouillon A, Perdrizet S, Parrot R: Transmission of tubercle bacilli: The
effects of chemotherapy. Tubercle 1976, 57(4):275–299.
20. Andersen S, Geser A: The distribution of tuberculous infection among
households in African communities. Bull World Health Organ 1960, 22:39–60.
21. Narain R, Nair SS, Rao GR, Chandrasekhar P: Distribution of tuberculous
infection and disease among households in a rural community.
Bull World Health Organ 1966, 34(4):639–654.
22. Den Boon S, Verver S, Marais BJ, Enarson DA, Lombard CJ, Bateman ED,
Irusen E, Jithoo A, Gie RP, Borgdorff MW, et al: Association between
passive smoking and infection with Mycobacterium tuberculosis in
children. Pediatrics 2007, 119(4):734–739.
23. Lienhardt C, Fielding K, Sillah JS, Bah B, Gustafson P, Warndorff D, Palayew
M, Lisse I, Donkor S, Diallo S, et al: Investigation of the risk factors for
tuberculosis: a case–control study in three countries in West Africa.
Int J Epidemiol 2005, 34(4):914–923.
24. Wood R, Johnstone-Robertson S, Uys P, Hargrove J, Middelkoop K, Lawn SD,
Bekker LG: Tuberculosis transmission to young children in a South
Seddon et al. BMC Infectious Diseases 2013, 13:392 Page 10 of 10
http://www.biomedcentral.com/1471-2334/13/392African community: modeling household and community infection risks.
Clin Infect Dis 2010, 51(4):401–408.
25. De Jong BC, Hill PC, Aiken A, Awine T, Antonio M, Adetifa IM, Jackson-Sillah
DJ, Fox A, Deriemer K, Gagneux S, et al: Progression to active tuberculosis,
but not transmission, varies by Mycobacterium tuberculosis lineage in
The Gambia. J Infect Dis 2008, 198(7):1037–1043.
26. Grzybowski S, Barnett GD, Styblo K: Contacts of cases of active pulmonary
tuberculosis. Bull Int Union Tuberc 1975, 50(1):90–106.
27. Marais BJ, Gie RP, Schaaf HS, Hesseling AC, Obihara CC, Starke JJ, Enarson
DA, Donald PR, Beyers N: The natural history of childhood intra-thoracic
tuberculosis: a critical review of literature from the pre-chemotherapy
era. Int J Tuberc Lung Dis 2004, 8(4):392–402.
28. Jones C, Whittaker E, Bamford A, Kampmann B: Immunology and
pathogenesis of childhood TB. Paediatr Respir Rev 2011, 12(1):3–8.
29. Guelar A, Gatell JM, Verdejo J, Podzamczer D, Lozano L, Aznar E, Miro JM,
Mallolas J, Zamora L, Gonzalez J, et al: A prospective study of the risk of
tuberculosis among HIV-infected patients. AIDS 1993, 7(10):1345–1349.
30. Selwyn PA, Hartel D, Lewis VA, Schoenbaum EE, Vermund SH, Klein RS,
Walker AT, Friedland GH: A prospective study of the risk of tuberculosis
among intravenous drug users with human immunodeficiency virus
infection. N Engl J Med 1989, 320(9):545–550.
31. Hesseling AC, Cotton MF, Jennings T, Whitelaw A, Johnson LF, Eley B, Roux
P, Godfrey-Faussett P, Schaaf HS: High incidence of tuberculosis among
HIV-infected infants: evidence from a South African population-based
study highlights the need for improved tuberculosis control strategies.
Clin Infect Dis 2009, 48(1):108–114.
32. World Health Organization: Global tuberculosis control. Geneva, Switzerland:
WHO/HTM/TB/201116; 2011. Available at: http://www.who.int/tb/
publications/global_report/2011/gtbr11_full.pdf (accessed August 2013).
33. World Health Organization: Guidelines for the programmatic management of
drug-resistant tuberculosis - Emergency update. Geneva, Switzerland: WHO/
HTM/TB/2008.402; 2008. Available at: http://whqlibdoc.who.int/publications/
2008/9789241547581_eng.pdf (accessed August 2013).
34. Schaaf HS, Gie RP, Kennedy M, Beyers N, Hesseling PB, Donald PR:
Evaluation of young children in contact with adult multidrug-resistant
pulmonary tuberculosis: a 30-month follow-up. Pediatrics 2002, 109
(5):765–771.
35. South African Health Review: Health and related indicators; 2010. Available at:
http://www.hst.org.za/sites/default/files/sahr10_21.pdf (accessed August 2013).
36. Marais BJ, Hesseling AC, Gie RP, Schaaf HS, Beyers N: The burden of
childhood tuberculosis and the accuracy of community-based
surveillance data. Int J Tuberc Lung Dis 2006, 10(3):259–263.
37. Kritzinger FE, Den Boon S, Verver S, Enarson DA, Lombard CJ, Borgdorff MW,
Gie RP, Beyers N: No decrease in annual risk of tuberculosis infection in
endemic area in Cape Town, South Africa. Trop Med Int Health 2009,
14(2):136–142.
38. Wood R, Liang H, Wu H, Middelkoop K, Oni T, Rangaka MX, Wilkinson RJ,
Bekker LG, Lawn SD: Changing prevalence of tuberculosis infection with
increasing age in high-burden townships in South Africa. Int J Tuberc
Lung Dis 2010, 14(4):406–412.
39. Seddon JA, Hesseling AC, Marais BJ, Jordaan A, Victor T, Schaaf HS: The
evolving epidemic of drug-resistant tuberculosis among children in
Cape Town, South Africa. Int J Tuberc Lung Dis 2012, 16(7):928–933.
40. Seddon JA, Godfrey-Faussett P, Hesseling AC, Gie RP, Beyers N, Schaaf HS:
Management of children exposed to multidrug-resistant Mycobacterium
tuberculosis. Lancet Infect Dis 2012, 12(6):469–479.
41. Graham SM, Ahmed T, Amanullah F, Browning R, Cardenas V, Casenghi M,
Cuevas LE, Gale M, Gie RP, Grzemska M, et al: Evaluation of tuberculosis
diagnostics in children: 1. Proposed clinical case definitions for
classification of intrathoracic tuberculosis disease. Consensus from an
expert panel. J Infect Dis 2012, 205(Suppl 2):S199–S208.
42. Getahun H, Harrington M, O’Brien R, Nunn P: Diagnosis of smear-negative
pulmonary tuberculosis in people with HIV infection or AIDS in resource-
constrained settings: informing urgent policy changes. Lancet 2007,
369(9578):2042–2049.
43. Kiwuwa MS, Charles K, Harriet MK: Patient and health service delay in
pulmonary tuberculosis patients attending a referral hospital: a cross-
sectional study. BMC Publ Health 2005, 5:122.
44. Lonnroth K, Williams BG, Stadlin S, Jaramillo E, Dye C: Alcohol use as a risk
factor for tuberculosis - a systematic review. BMC Publ Health 2008, 8:289.45. Suarez-Garcia I, Rodriguez-Blanco A, Vidal-Perez JL, Garcia-Viejo MA, Jaras-
Hernandez MJ, Lopez O, Noguerado-Asensio A: Risk factors for multidrug-
resistant tuberculosis in a tuberculosis unit in Madrid, Spain.
Eur J Clin Microbiol Infect Dis 2009, 28(4):325–330.
46. Rutherford ME, Hill PC, Maharani W, Apriani L, Sampurno H, Van Crevel R,
Ruslami R: Risk factors for Mycobacterium tuberculosis infection in
Indonesian children living with a sputum smear-positive case. Int J Tuberc
Lung Dis 2012, 16(12):1594–1599.
doi:10.1186/1471-2334-13-392
Cite this article as: Seddon et al.: Risk factors for infection and disease
in child contacts of multidrug-resistant tuberculosis: a cross-sectional
study. BMC Infectious Diseases 2013 13:392.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
